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Introduction
Antibodies, proteins and other biotechnological prod-
ucts are often challenging in terms of their in-solution sta-
bility. Various physical and chemical changes occur dur-
ing their in-solution storage, leading to shorter shelf-life. 
Freeze drying is often proposed as a method of choice, 
since removal of water has been reported to greatly re-
duce the rate of degradation, both in physical and chemi-
cal terms. Still, during freeze-drying antibodies and other 
protein pharmaceuticals can experience in-process chang-
es that may reduce their physicochemical biological and/or 
pharmacological properties. In this context, many attempts 
have been made to reduce these changes, both in optimi-
zation of the freeze-drying process and in optimization of 
solution formulation, adding various buffers, cryoprotec-
tants, etc. 
The presented experience was in freeze-drying of 
monoclonal antibody – rituximab, conjugated with three 
types of bifunctional chelating agents, p-SCN-Bn-DOTA, 
p-SCN-Bn-DTPA, and 1B4M-DTPA, and evaluation of 
possible changes in post-freeze-drying phase. In order to 
assess possible defragmentation of the antibody, protein in-
tegrity test was performed, using SDS-PAGE electrophore-
sis and the analysis of several structural elements of FT-IR 
and Raman spectra pre- and post- freeze-drying process, 
provided an insight in possible changes in the structure. 
Materials and methods
Commercially available rituximab (Mabthera®) 
was conjugated with three bifunctional chelating agents, 
p-SCN-Bn-DOTA, p-SCN-Bn-DTPA, and 1B4M-DTPA 
(Macrocyclics Inc. USA). The conjugates were synthesized, 
purified, adjusted to concentration of 1 mg/mL and freeze 
dried, using Labconco Free Zone Stoppering Tray Dry-
er (USA), as previously described (Smilkov et al., 2014). 
The protein integrity was assessed using SDS-PAGE that 
was performed in about 5 µL of reconstituted samples and 
1 mg/mL purified, commercial rituximab (Mabthera®). 
Samples were mixed with sample buffer and boiled 5 min 
at 95 °C. Approximately 5 µL of each preparation was 
applied in 12% bisacrylamide under reducing conditions. 
Visualization of the bands was enabled using Coomassie 
Brilliant Blue R-250 (Sigma, USA). For comparison, low 
molecular weight marker (Amersham GE Healthcare, UK) 
was used. 
For determining protein structure, FT-IR spectros-
copy was conducted on PARAGON 1000 (Perkin Elmer, 
USA) spectrophotometer in the spectral range 2000–500 
cm–1. Attenuated Total Reflectance (ATR) spectra were ac-
quired at a resolution of 4 cm–1. The obtained data was 
processed with Grams_32 software (Thermo Scientific). 
Raman spectra (2000–400 cm–1) were recorded on a mi-
cro-Raman multichannel spectrometer Horiba JobinYvon 
LabRam 300 Infinity, using He:Ne laser. The spectral reso-
lution was set to 4 cm–1. The acquisition time and the accu-
mulation number were set to 10 s and 10 scans, respective-
ly (Gjorgieva Ackova et al., 2015).
Results and discussion
Using SDS-PAGE electrophoresis it is possible to de-
termine the purity and, therefore possible defragmentation. 
The electrophoresis in reducing conditions resulted in two 
distinct Mw species which migrated in two bands in all 
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three rituximab conjugates. The upper band corresponded 
to ~50 kDa and the lower band to ~25 kDa. This migra-
tion pattern is characteristic of IgG antibodies that have 
two identical subunits, each composed of two polypeptide 
chains: two heavy and two light chains, linked via four di-
sulfide bonds. Under the action of the reducing agent DTT, 
the antibody is separated to heavy and light chains, with 
molecular weight corresponding to the two formed bands 
(Maleki et al., 2013; Nebija et al., 2011). The lyophiliza-
tion protocol used did not affect structure properties and 
caused no post-lyophilization modification, as shown in 
the reducing SDS-PAGE lane patterns, compared to com-
mercially available rituximab sample. 
Spectroscopy studies can reveal information to wit-
ness preserved secondary structure upon freeze-drying, a 
mandatory prerequisite for immunoconjugates. Protein de-
naturation upon lyophilization is usually monitored by IR 
spectroscopy (Murphy et al., 2012), although Raman spec-
troscopy can also be applied (Wen, 2007). 
The IR spectra of all three rituximab conjugates re-
vealed higher percentage of β-sheet conformation (antipar-
allel and parallel) in the structure (strong band in the region 
between 1612 and 1640 cm-1, followed by a weaker band 
around 1685 cm–1), followed by α-helices (bands at 1655 
or 1656 cm–1), as obtained in the band frequencies for am-
ide I, II and III bands which are used as diagnostic bands. 
We observed that the freeze-dried rituximab conjugates re-
gain their native conformation upon rehydration (revers-
ible unfolding). 
Thermally-induced aggregation processes of the ma-
jority of proteins can also be studied by FT-IR and Raman 
spectroscopy. Strong absorption bands below 1620 cm–1 
can be correlated with aggregation, usually associated with 
the formation of new strong beta-sheet structures (Schüle 
et al., 2007). With the lowest frequency band detected at 
1620 cm–1 (in all samples analyzed), we concluded no ob-
vious aggregation in all three freeze-dried antibody con-
jugates. 
Conclusion
Among the many techniques available for evaluation 
of the structure and stability of freeze-dried antibody con-
jugates, SDS-PAGE electrophoresis, FT-IR and Raman 
spectroscopy can be employed in assessing structural prop-
erties as well as in determination of stability of these poten-
tial drug candidates. 
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